While waterpipe and cigarette smoking have been well studied in Syria and Lebanon, data from Jordan are limited.
in the past 30 days and 56% ever, while cigarette smoking rates were 29% in the past 30 days and 57% ever. Past 30-day waterpipe tobacco smoking rates were 59% for males and 13% for females. Females had substantially lower odds than males of being current waterpipe (OR 0.12, 95%CI 0.10-0.15) or cigarette (OR 0.08, 95%CI 0.05-0.14) smokers. Current cigarette smoking was more significantly associated with markers of high socioeconomic status (SES) than waterpipe tobacco smoking.
C O N C L U S I O N :
Waterpipe tobacco smoking is as common as cigarette smoking among Jordanian university students. While cigarette smoking is consistently associated with high SES, waterpipe tobacco smoking is more evenly distributed across various populations. K E Y W O R D S : hookah; narghile; college; Middle East FIVE TO SIX MILLION PEOPLE worldwide die as a result of tobacco use each year. Cigarette smoking is the most studied form of tobacco use; however, other methods are common worldwide, including tobacco smoking using a waterpipe (hookah, narghile). 1, 2 Emerging literature suggests that waterpipe tobacco smoke contains many of the same toxicants as cigarette smoke, including carcinogenic polycyclic aro matic hydrocarbons, 3 volatile aldehydes, 4 carbon monoxide 5 and nicotine. [6] [7] [8] A single waterpipe tobacco smoking session may involve inhalation of 50-100 times the smoke volume inhaled from a single cigarette, 5 and someone who smokes tobacco from a waterpipe once a day has the plasma nicotine concentration of someone who smokes 10 cigarettes a day. 9 White blood cells collected from waterpipe tobacco smokers demonstrate higher levels of chromatin exchange than white blood cells collected from cigarette smokers, suggesting increased carcinogenic activity. 10 Epidemiological studies have also suggested that waterpipe tobacco smoking may be associated with respiratory infections, pulmonary disease and cancer. 1, 2, 11, 12 Waterpipe tobacco smoking is emerging among young adults across the United States [12] [13] [14] [15] [16] [17] and Europe. 18, 19 This form of tobacco smoking has long been associated with countries of the Eastern Mediterranean region (EMR) such as Lebanon, Syria, Egypt, and Jordan, where the prevalence of smoking tobacco with a waterpipe ranges from about 20% to 69%, and is particularly high among university students. [20] [21] [22] [23] [24] [25] [26] [27] Certain EMR countries have substantial infrastructure in place to track waterpipe tobacco smoking. For example, Syria is host to the Syrian Center for Tobacco Studies, funded by the US National Institutes of Health. Data provided by this center have While preliminary data suggest that over half of Jordanian university students have ever smoked waterpipe tobacco, 22, 24, 28 important gaps in the current literature limit our ability to develop effective interventions to reduce all types of tobacco use in Jordan. Previous surveys have examined relatively small samples and used quasi-random sampling methods. 22, 24, 28 They also assessed a relatively narrow set of demographic variables, such as age, sex and nationality. 22, 24, 28 However, integrated social and environmental frameworks of public health 29 suggest that other factors, such as parental education and household income and structure, may also be associated with waterpipe tobacco use, and assessing a full range of factors may be valuable to target future interventions. Finally, little prior research has directly compared cigarette and waterpipe tobacco use in Jordan. In the United States and other EMR countries, these forms of tobacco use appeal to different groups. [13] [14] [15] 23, 25, 30 As such information has implications for targeting interventions, it would also be worthwhile to directly compare cigarette and waterpipe use in Jordan.
The primary purpose of this study was therefore to characterize the prevalence of waterpipe tobacco and cigarette smoking among university students in Jordan, while the secondary aim was to compare and contrast demographic and environmental factors associated with each type of substance use in this population.
METHODS

Participants and procedures
Undergraduate students from two public (Jordan University of Science and Technology [JUST] , and Yarmouk University) and two private (Irbid National University and Jerash Private University) universities in Jordan were recruited for the study. Data were collected under the supervision of collaborating faculty members at JUST. To be included in the study, participants were required to be aged ⩾18 years and enrolled as undergraduate students in one of the four universities.
To recruit a representative sample, we obtained the number of students enrolled in each university from the registry of ces and determined corresponding representative sample sizes. We then strati ed students in each university by discipline (e.g., medicine, science, and arts) and university. In these universities students are randomly divided into class sections, and according to study criteria, sections with between 10 and 100 students were eligible. From a list of all sections, we used a random number table to select sections to be sampled from each discipline. To ensure roughly equal numbers of students from each level ( rst to fourth year), selection of sections from the random number table was repeated until the requisite equal numbers were attained. A total of 1932 students were recruited based on this procedure.
The survey instrument was constructed by investigators from both the United States and Jordan during discussions in Irbid, Jordan. It was subsequently modi ed based on the results of four focus group discussions with single-sex, representative groups of students in Jordan. The revised instrument was pilot tested in Jordan with 50 students and further modied, and the nal survey instrument was translated into Arabic and then back-translated into English by bilingual faculty members in Jordan.
The surveys were administered in classrooms in the participating universities in April and May 2010 over a 5-week period. For each section of students selected, prior permission was obtained from instructors to conduct the survey during class section time. Survey administrators were research personnel (including OFK and KHA), who emphasized that responses would be anonymous and con dential. Participants signed an informed consent form along with the completed surveys. Individuals took 20 minutes to complete the survey and were paid approximately 2 Euros for their participation.
Measures
Many of the measures used in the survey were adapted from previous studies on waterpipe use conducted in the United States and in the EMR, [20] [21] [22] [23] [24] [25] [26] [27] while others were constructed for the purpose of this study. Scales were Likert-type and higher scores indicated greater endorsement of the statement, unless otherwise noted.
Waterpipe tobacco use and cigarette smoking
Participants were asked to report having smoked waterpipe tobacco, even a puff, in the past 30 days and ever. Due to its clinical relevance, our primary outcome variable was use in the past 30 days, which we de ned as current use, and our secondary outcome was ever use. We also asked participants to estimate the age at which they began using cigarettes and/or waterpipe, with response categories of <11, 11-14, 15-17, 18-21 and >21 years.
Demographics
Individuals reported university attended, year, age, and sex. As socio-economic status (SES) has been linked with tobacco use in similar populations, we assessed this construct using paternal education, monthly household income, number of other people living in the home, number of rooms in the home, and monthly pocket money. [20] [21] [22] [23] [24] [25] [26] [27] 31 For monthly household income, we asked participants to select the most appropriate 3 category from three choices: 0-500, 501-900, and ⩾901 Jordanian dinar (JOD), where 1 JOD is equivalent to approximately 0.97 Euros. For pocket money spent monthly, we offered choices of 0-100, 101-150, 151-200, or ⩾201 JOD. For the number of other people living in the home and the number of rooms in the home, we asked participants to enter the most appropriate number in a blank space. For analysis, we grouped participants into categories that approximated tertiles for each of these variables. We also provided items assessing residence, including whether participants lived in a city (vs. village) and whether or not they lived with their parents.
Analysis
We computed prevalence of use in past 30 days and ever use for both waterpipe tobacco smoking and cigarette smoking. We used χ 2 statistics to determine the statistical signi cance of differences in prevalence across socio-demographic variables. We then used multivariable logistic regression to determine the independent association between independent and dependent variables. We developed separate models for each smoking outcome. For our primary analyses, we included in our models all measured covariates with theoretical associations with either the predictors or the outcomes. The only measured covariate not included in our models was year within the university, because of its duplication of and multicollinearity with the age variable. In all of our models, we controlled for clustering of students within each of the four universities. Individuals with any missing data were not included in multivariable analyses; the resulting proportion of missing observations for each of the four multivariable models ranged from 5.0% to 7.6%. For all analyses, we de ned statistical significance with a two-tailed alpha of 0.05. Statistical analyses were conducted using Stata version 11.1 (StataCorp, College Station, TX, USA).
Ethical approval
This study was approved by the institutional review board of JUST; permission to conduct the study was granted by each of the other participating universities.
RESULTS
Of the 1932 students selected for participation, we received evaluable data from 1845 (95%), all of whom were included in the nal study sample. Of these, 37% were male and 63% were female, and the mean age was 21.4 years (standard deviation 3.0). The majority of the students attended JUST (32%) or Yarmouk University (52%). The fathers of one third (31%) of the participants had completed high school, and for another third (37%) they had completed college. Nearly half of the students (47%) reported a monthly household income of ⩽500 JOD (~485 Euros). The majority (70%) lived in households with six or more people, and for the majority of families (72%), the home had ve or fewer rooms. Participants were evenly divided between living in a city vs. a village (53% vs. 47%), and the vast majority (85%) lived with their parents (Table 1) . Use of waterpipes to smoke tobacco was 30% in the past 30 days and 56% ever. Use of cigarettes was 29% in the past 30 days and 57% ever. Of the 1058 students who had ever smoked cigarettes, 856 (80%) had also smoked a waterpipe, and of the 1020 participants who had smoked a waterpipe, 856 (84%) had also smoked cigarettes. Of the 534 students who currently smoked cigarettes, 383 (72%) also currently smoked a waterpipe, and of the 545 participants who currently smoked a waterpipe, 383 (70%) also currently smoked cigarettes.
Although self-reported age at initiation was similar between cigarette and waterpipe tobacco smokers, age at rst cigarette use tended to be slightly younger. Of the 1050 ever cigarette smokers with available data, the majority had begun smoking cigarettes at ages 18-21 (44%), followed by 15-17 (25%), 11-14 (15%), and <11 years (10%). Of the 1023 ever waterpipe tobacco smokers, most had begun at ages 18-21 (50%), followed by 15-17 (27%), 11-14 (11%), and >21 years (8%).
In bivariate analyses, all waterpipe tobacco and cigarette smoking outcomes were signi cantly associated with university, year, age and sex (Table 1) . Current and ever use of both substances peaked among undergraduates who had spent >4 years at their institution and were aged ⩾23 years. Males had smoked a waterpipe more frequently than females in the past 30 days (59% vs. 13%, P < 0.001) and ever (81% vs. 41%, P < 0.001). Similarly, males were substantially more likely than females to have smoked cigarettes in the past 30 days (62% vs. 11%, P < 0.001) and ever (82% vs. 43%, P < 0.001). While paternal education was not consistently signi cantly associated with use of either substance, all usage variables were for those with higher incomes, fewer individuals living in the home, and higher amounts of pocket money spent.
Multivariable models that controlled for all covariates and accounted for clustering of individuals within universities demonstrated signi cantly greater waterpipe tobacco smoking and cigarette smoking at Yarmouk, Irbid, and Jerash than at JUST for almost all variables (Table 2) . However, the magnitudes of these differences were all higher for cigarette smoking than waterpipe tobacco smoking. Those with the highest income (⩾901 JOD) had higher odds of being current cigarette and waterpipe tobacco smokers than the lowest tertile; however, ORs were higher for cigarette smoking (respectively OR 1.93, 95%CI 1.55-2.40 vs. OR 1.21, 95%CI 1.08-1.35). Current cigarette smoking was signi cantly a ssociated with each of the two other markers of high SES (fewer living in the home and more rooms in the home), whereas current waterpipe tobacco smoking was not independently associated with these variables (Table 2) .
Ever use of waterpipe was associated with lower odds of living in a village (vs. city, OR 0.70, 95%CI 0.61-0.80), but no other substance use outcome 
DISCUSSION
This study demonstrates that half of the students sampled overall, and over three fourths of the male students, had ever smoked tobacco with a waterpipe. Similarly, over one third of the students overall and over half of the males had smoked a waterpipe in the past 30 days. These are comparable to previously documented prevalence rates in Jordan using less rigorous sampling methods, 22, 24 and to rates found among university students in neighboring countries. 1, 25, 32 Rates of waterpipe tobacco smoking were comparable to cigarette smoking. Our ndings were also consistent with other studies in the EMR that have found a higher prevalence of smoking tobacco products among men than women. 33 This is assumed to be a result of cultural normative beliefs that differentially regulate the behavior of men and women. 24, [31] [32] [33] Findings regarding age are also consistent with other studies from the EMR. [20] [21] [22] [23] [24] [25] [26] [27] While waterpipe tobacco smoking in North America and Europe tends to be popular among young college students, 14, 17, 34 in the EMR individuals seem to increase use with age. This may indicate increasing dependence among people who began as experimenters. It will be valuable to follow patterns involving age and waterpipe tobacco smoking in the US and Europe over time to determine whether those patterns become more similar to those currently manifested in the EMR. Our ndings regarding the increased popularity of use of tobacco products at private universities may seem counterintuitive to those in the West, where substance use is more common among those of lower SES. 35 However, in Jordan, as in many developing nations around the world, use is higher among those of higher SES, who are able to afford these products. [20] [21] [22] [23] [24] [25] [26] [27] Consistent with prior research, [12] [13] [14] [15] [16] [17] there was substantial overlap between waterpipe and cigarette smoking in our population. However, it is also notable that the overlap was not exact, and that many waterpipe tobacco smokers did not also smoke cigarettes. For example, of the 545 participants who were current waterpipe tobacco smokers, 162 (30%) were not current cigarette smokers. This suggests that waterpipe tobacco smoking may affect many individuals who might not otherwise have been exposed to harmful tobacco combustion products.
It may also seem counterintuitive that students living on their own had lower odds of smoking a waterpipe than those living with their parents, as Western data generally show increased use among students living away from their parents. 12, 14, 17 However, in the EMR, certain forms of substance use, including waterpipe tobacco smoking, are commonly shared within a family. 2, 31 Those still living with their families may therefore have support systems facilitating waterpipe smoking, such as increased access to and familiarity with waterpipes, shisha, and other paraphernalia that they do not have to pay for with their own money.
While cigarette smoking was nearly always associated with markers of high SES, waterpipe tobacco smoking was more evenly distributed among those of various levels of SES. This was also the case for age and sex. For example, while those aged >23 years had more than twice the odds of current cigarette smoking than those aged 18-19 years, waterpipe tobacco smoking was more evenly distributed among all ages. These ndings suggest that it may be valuable for interventions to prevent and control tobacco use among university students to be speci c to tobacco type. For waterpipe, interventions may need to be tailored to reach a range of individuals with a wider variety of socio-demographic characteristics, while cigarette-related interventions may be focused on those of higher SES and who are older. Qualitative methods that allow for a more in-depth understanding of the factors in uencing initiation and continuation of use would be valuable to explore these issues and help develop interventions.
Despite careful attention to random selection of our sample within each of the four target universities, its external generalizability is limited, as our study did not involve all universities in Jordan. As our sample was disproportionately female, and males are more likely to smoke tobacco, the actual rate of use of these substances in Jordanian universities as a whole is likely to be higher than reported here. Our study is also limited in that we only assessed university students; we cannot therefore infer rates of substance use in non-university populations. Finally, because of the cross-sectional nature of our data, we cannot infer causality from these ndings.
In conclusion, despite these limitations, this study nds waterpipe tobacco smoking to be as common as cigarette smoking in Jordan among university students, suggesting that increased surveillance and attention to this behavior is warranted. In general, while both forms of substance use were associated with males of higher SES, waterpipe tobacco smoking was more evenly distributed among various sociodemographic characteristics, which will assist development of interventions. 08; IC95% 0,05-0,14) . El consumo actual de cigarrillos se asoció de manera más significativa que el narguile con los marcadores de situación socioeconómica alta. C O N C L U S I Ó N : El consumo de tabaco con narguile es tan corriente como el consumo de cigarrillos en los estudiantes de las universidades en Jordania. El consumo de cigarrillos se asocia constantemente con una situación socioeconómica alta y el narguile se distribuye de manera más uniforme en diversas poblaciones.
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